Background: Given the importance of improving health for patients with heart failure, the present study examined the temporal associations between eHealth literacy, insomnia, psychological distress, medication adherence, quality of life, and cardiac events among older patients with heart failure. Methods: With a longitudinal design, older patients with echocardiography verified heart failure (N=468; 50.4% New York Heart Association class II, mean age 69.3±7.3 years; 238 men) in need of cardiac care at seven Iranian university outpatient clinics went through clinical examinations and completed the following questionnaires at baseline: eHealth literacy scale (eHEALS, assessing eHealth literacy); 5-item Medication Adherence Report Scale (MARS-5, assessing medication adherence); Minnesota Living with Heart Failure Questionnaire (MLHFQ, assessing quality of life); Insomnia Severity Index (ISI, assessing insomnia); and Hospital Anxiety and Depression Scale (HADS, assessing psychological distress). All the patients completed the ISI and HADS again 3 months later; and the MARS-5 6 months later. Also, their cardiac events were collected 18 months later. Three mediation models were then conducted. Results: eHealth literacy had direct and indirect effects (through insomnia and psychological distress) on medication adherence and quality of life. Moreover, eHealth literacy had protecting effects on cardiac events (hazard ratio (HR) 0.53; 95% confidence interval (CI) 0.37, 0.65) through the mediators of insomnia (HR 0.19; 95% CI 0.15, 0.26), psychological distress (HR 0.08; 95% CI 0.05, 0.12) and medication adherence (HR 0.05; 95% CI 0.04, 0.08). Conclusion: As eHealth literacy was a protector for patients with heart failure, healthcare providers may plan effective programmes to improve eHealth literacy for the population. Additional benefits of improving eHealth literacy in heart failure may be decreased insomnia and psychological distress, improved quality of life, as well as decreased cardiovascular events.
Introduction
Heart failure (HF), a prevalent chronic condition with high lifetime risk (~20%), creates several negative health consequences and substantial care demands, both pharmacological and self-care related. 1 As a result, the whole life situation for the patient is affected. The condition can be defined into different levels of severity by the New York Heart Association (NYHA) classification and left ventricular ejection fraction (LVEF), and the 5-year mortality rate after diagnosis is estimated to be approximately 50% for patients with severe HF. With a high prevalence and rising incidence, about 3.5% of Iranian adults are estimated to suffer from HF in the near future. 2 As a result of the poor prognosis, adherence to both medication and lifestyle modifications are of great importance. However, treatment is tough and re-hospitalisations are frequent, which cause high costs for both the individual and society. 1 Indeed, the estimated overall cost (including direct and indirect costs) for treating a patient with HF in Iran was US$343 million in 2012, which represents 1.1% of the total health expenditure in Iran and 0.07% of the Iranian gross domestic product (GDP). 3 With such a tough situation, exploring potential factors that protect patients with HF from serious health outcomes is thus crucial.
According to the literature, potential factors that facilitate cardiac events (i.e. cardiac emergency department visits, cardiac hospitalisations and cardiac mortality) for patients with HF include poor sleep such as insomnia, 4, 5 psychological distress 6, 7 and non-adherence to medication. 8, 9 Among these potential risk factors, unhealthy behaviours (e.g. medication non-adherence) are deemed to be the most important factor. 1 Also, unhealthy behaviours or healthy behaviours are proposed to be the mediators in the association between poor sleep/psychological distress and cardiac events. 10 In particular, Knafl and Riegel 5 have suggested that poor sleep contributes to cardiac events through nonadherence to medication. That is, poor sleep and the following excessive daytime sleepiness may result in poor adherence that subsequently develops into cardiac events. Similarly, Hamer et al. 7 found that (un)healthy behaviours (smoking, drinking, and low levels of exercising) as compared with pathophysiological factors (e.g. C-reactive protein, fibrinogen, and lipoprotein cholesterol) had a greater ability in mediating the association between psychological distress and cardiac events. Furthermore, psychological distress is found to be an important factor in medication non-adherence. 1, 10 That is, medication non-adherence seems to be an important mediator in developing cardiac events; therefore, tackling insomnia and psychological distress for patients with HF may enhance their medication adherence and further decrease cardiac events.
Apart from the aforementioned factors, eHealth literacy is deemed to be another potential protector to prevent cardiac events for patients with HF. In particular, any individuals can seek health information through the internet if they have appropriate devices available, such as WiFienabled smartphones, tablets and laptops. 11 With the capability to interpret the health information retrieved from the internet, patients can develop their own self-care behaviours that protect them from serious health consequences. 12 Also, patients with HF may use the health information from the internet to tackle problems which are hard (or too embarrassing) to discuss with healthcare providers. 13 In addition, it is possible that patients with HF can use the internet to take care of the three aforementioned problems (i.e. insomnia, psychological distress, and medication adherence) that are highly related to cardiac events. As a result, patients who have a high level of eHealth literacy (i.e. they are capable of retrieving, interpreting and using health-related knowledge from the internet) may decrease their problems with insomnia, psychological distress, and improve their medication adherence. Consequently, the chances of developing a cardiac event may be reduced. Older patients, especially with different disabilities, may be at higher risk of low eHealth literacy and the slower adoption of new technologies than younger patients, due to knowledge, traditions, ownership of a computer and other barriers. 14, 15 Meanwhile, older adults are those who are more likely to suffer from many of the above-mentioned conditions, including impaired quality of life (QoL) among patients with HF. 16, 17 However, to the best of our knowledge, no studies have examined our proposed routes to provide the beneficial evidence of eHealth literacy on older patients with HF.
We therefore hypothesised that insomnia and psychological distress are two important mediators in the relationship between eHealth literacy and QoL. Patients with high levels of eHealth literacy, as compared to those with low levels of eHealth literacy, tended to have better selfmanagement in healthcare needs, engage in more healthy behaviours and interact better with healthcare providers. 18 Hence, patients with good eHealth literacy are very likely to have fewer problems with insomnia and psychological distress because they know how to take care of these issues. Moreover, insomnia and psychological distress showed negative impacts on QoL. 19, 20 As a result, insomnia and psychological distress are potential mediators in the relationship between eHealth literacy and QoL. However, empirical evidence is needed to confirm our postulation.
The main purpose of this study was to use a longitudinal design to examine the temporal associations between eHealth literacy, insomnia, psychological distress, medication adherence, and cardiac events among older patients with HF, in whiom insomnia, psychological distress and medication adherence, are mediators in the relationship between eHealth literacy and cardiac events. A second purpose of this study was to examine the mediating roles of insomnia and psychological distress in the relationship between eHealth literacy and QoL among older patients with HF.
Methods

Participants and procedures
This prospective study comprised 468 patients with HF from seven Iranian outpatient university hospitals located in the cities of Tehran, Qazvin, and Tabriz, with data collected from July 2015 to December 2018. Originally, a total of 724 HF patients who had been referred to the cardiac unit of the hospitals for receiving routine cardiac care were assessed by three trained research assistants (i.e. cardiovascular nurses) for their eligibility. Patients were recruited consecutively if they fulfilled the following criteria: equal to or older than 65 years, objectively confirmed diagnosis of HF by a cardiologist based on the European Society of Cardiology guidelines using echocardiographic evidence with NYHA class II-IV, ability to communicate in Persian, and stable HF medication regimen for at least 4 weeks prior to the commencement of the study. Patients were excluded if they had intellectual disability or cognitive impairment (as assessed using the mini-mental status exam; MMSE <20), severe psychiatric problems, severe renal failure, untreated anaemia, an unstable cardiac condition within the past 3 months (i.e. unstable angina pectoris, significant cardiac arrhythmias, symptomatic valvular heart disease or myocardial infarction), and did not agree to participate. The study was approved by the ethics committee of Qazvin University of Medical Sciences (IR.QUMS.REC.1398.094). All participants provided written, informed consent prior to participating in the study. In addition, all the participants had internet access during the study period.
Those patients who wanted to participate (468; response rate 65%) signed a written informed consent. Afterwards, sociodemographic and clinical data were collected from patients' medical records and a face-to-face interview by the research assistants. Other data collected using questionnaires were self-administered by patients at baseline. Three months later, patients were asked to complete insomnia and psychological distress measures again. Patients' medication adherence was collected 6 months later, and QoL and cardiac events were collected 18 months later. Except for insomnia, psychological distress, medication adherence, QoL, and cardiac events, all other information (including eHealth literacy) was only collected at baseline.
Instruments
Clinical data. Clinical data comprised a patient history, NYHA functional class, body mass index (BMI), blood pressure, heart rate, LVEF, and medication use. BMI was calculated using available height and weight recordings closest to baseline. LVEF was collected as a continuous variable from the transthoracic echocardiograms by an experienced cardiologist. Medication use was collected from medical records.
eHealth Literacy Scale (eHEALS). The eHealth Literacy Scale (eHEALS) contains eight self-reported items for assessing eHealth literacy (for detailed item content, see Supplementary Table 1 ). Sample items include: 'I know what health resources are available on the Internet' and 'I know how to use the Internet to answer health questions'. The item score was between 1 and 5, with a total score ranging between 8 and 40 (higher score indicates better eHealth literacy). The psychometric properties of the eHEALS have been verified in different populations, including those with HF. 11 More specifically, the internal consistency using Cronbach's α for the Persian eHEALS was 0.89, and the unidimensionality of the Persian eHEALS was supported by Rasch analysis. 11 
5-Item Medication Adherence Report Scale (MARS-5).
The 5-item Medication Adherence Report Scale (MARS-5) contains five self-reported items assessing medication adherence for people with a chronic illness. The item score was between 1 and 5, with a total score ranging between 5 and 25 (higher score indicates better adherence). The psychometric properties of the MARS-5 have been verified in different populations, including those with stroke. 21 More specifically, the internal consistency using ordinal α for the Persian MARS-5 was 0.85, and the unidimensionality of the Persian MARS-5 was supported by Rasch analysis. 21 Minnesota Living with Heart Failure Questionnaire (MLHFQ). The Minnesota living with heart failure questionnaire (MLHFQ) contains 21 self-reported items assessing QoL for people living with HF. The item score was between 0 and 5, with a total score ranging between 0 and 105 (higher score indicates worse QoL). The psychometric properties of the MLHFQ have been verified in patients with HF. 22 More specifically, the internal consistency using Cronbach's α for the Persian MLHFQ was 0.95, and the construct validity of the Persian MLHFQ was supported by the moderate to high correlation with short form (SF-36) (r=0.4-0.7). 23 Insomnia Severity Index (ISI). The well-established Insomnia Severity Index (ISI) contains seven self-reported items assessing insomnia. The item score was between 0 and 4, with a total score ranging between 0 and 28 (higher score indicates more severe insomnia). The psychometric properties of the ISI have been verified in different languages, including Persian. 24 More specifically, the internal consistency using Cronbach's α for the Persian ISI was 0.87, and the construct validity of the Persian ISI was supported by the moderate correlation with the Pittsburg sleep quality index (r=0.58). 24 Hospital Anxiety and Depression Scale (HADS). The Hospital Anxiety and Depression Scale (HADS) contains 14 self-reported items assessing anxiety (seven items) and depression (seven items). The item score was between 0 and 3, with each subscale score ranging between 0 and 21 (higher score indicates more anxiety or greater depression). The psychometric properties of the HADS have been verified in different languages, including Persian. 25 More specifically, the internal consistency using Cronbach's α of the Persian HADS was 0.78 (anxiety subscale) and 0.86 (depression subscale). In addition, the unidimensionality of each subscale in the Persian HADS was supported by Rasch analysis. 25 Due to the high correlation between the HADS subscales (i.e. depression and anxiety, r =0.75, P<0.001), the total score of the HADS (score ranges from 0 to 42) was used as a global measure of psychological distress.
Medication Regimen Complexity Index (MRCI). The Medication Regimen Complexity Index (MRCI) developed by George and colleagues 26 is the frequently used instrument to evaluate medication complexity for elderly patients. The MRCI contains 65 items embedded in three sections of dosage forms, dosage frequency and additional user instructions. The detailed scoring method is described by George et al., 26 and a higher MRCI score indicates more complexity. The psychometric properties of the MRCI have been verified in different languages; however, there is no psychometric evidence in the Persian MRCI. Therefore, we ensured the linguistic validity of the MRCI through a standard translation process described in the international guidelines, including forward translation, back translation, reconciliation and cognitive interview. In the cognitive interview, 18 patients with HF were recruited. All interviews were conducted face-to-face in Persian and all interviews verified the item clarity, redundancy and appropriateness of the MRCI. More specifically, interviewees were asked to complete the MRCI and to remark on any doubts or comments concerning the MRCI items before conducting the interview. Afterwards, a psychometrician conducted the interviews and began with 'Did this item make sense to you?' and 'Can you elaborate?' to clarify the item appropriateness.
Cardiac events
The cardiac events were defined and recorded as times from baseline to the first cardiac event (cardiac emergency department visits, cardiac hospitalisations, and cardiac mortality). More specifically, the cardiac variable was the composite endpoint of the time to the first occurrence of one of the following events: cardiac emergency department visit, cardiac hospitalisation, and cardiac mortality. Three trained cardiovascular nurses contacted the patients or families by telephone monthly to enquire if any cardiac event had occurred. This correspondence, together with information in their medical records, death certifications and hospital notes, was used by the nurses to confirm the accuracy of data. The nurses were blinded to the patient characteristics and clinical data.
Statistical analysis
Multivariate survival analysis was performed using the Cox proportional hazards model. The survival analysis was adjusted for potential confounding variables, including age, gender, HF characteristics (duration of HF, NYHA classification, LVEF, medication use, blood pressure and heart rate) and the MRCI.
Mediation analysis was conducted using the PROCESS SPSS macro (model 4). Potential confounding variables, including age, gender, HF characteristics and MRCI were controlled. More specifically, the MRCI was controlled because it was significantly correlated to eHealth literacy (r=−0.23, P<0.01) although it was not significantly correlated to cardiac events (r=0.09, P=0.38). Age, gender and HF characteristics were controlled for because they were significantly correlated with eHealth literacy or cardiac event. The model used 10,000 bootstraps to generate confidence intervals. In terms of the indirect effect of eHEALS on cardiac event, an approach proposed by Lange et al. 27 was used. In particular, the indirect effects of three continuous mediators (i.e. ISI, HADS, and MARS) were explored using an unbiased estimate (weighted Cox regression). The hazard ratio (HR) with its 95% confidence interval (CI) was used as the effect size estimate. Because education was an important covariate in this survey, we further used two subgroups to determine the effect of education: low education indicated individuals with 6 or fewer years of education and high education indicated individuals educated for more than 6 years. Statistical analysis was performed using SPSS software version 25.0 (IBM SPSS Statistics, IBM Corporation, Chicago, IL, USA) and R version 3.2.5.
Results
Of the 724 patients approached for the study, 211 (29.1%) were not eligible to participate in the study. In addition, 45 patients (8.8%) refused to take part in the study. Over the 18 months, 14 participants dropped out (attrition rate 3%) and the missing data were handled using the multiple imputation approach. The mean (standard deviation; SD) days for follow-up were 492.56 days (120.22) and the median days were 540. Table 1 illustrates the participant characteristics. Among 468 patients, 50.8% were men and 17.9% were current smokers. The mean (SD) age was 69.3 years (7.3) with 6.8 (2.9) years of education, 28.5 (5.4) kg/m 2 of BMI, and 27.1 (2.2) points of the MMSE score. In terms of their characteristics on HF, the mean HF duration was 5.5 (3.6) years, with half of the participants classified as NYHA classification II (50.4%). Most of the participants had taken beta-blockers (88.0%) and angiotensin-converting enzyme inhibitors (81.0%) The top three comorbidities for the participants were hypertension (66.2%), hyperlipidemia (50.8%), and coronary artery disease (48.9%). Moreover, the mean LVEF was 7.6%. In addition, all the studied variables (medication adherence, eHealth literacy, QoL, insomnia, depression, and anxiety) were mutually and significantly correlated ( Table 2) .
After verifying the significant correlations between the studied variables, the mediation models suggest that eHealth literacy had direct (coefficient 0.53; standard error (SE) 0.14; P<0.001) and indirect (coefficient 0.11; bootstrapping SE 0.05; 95% CI 0.03, 0.21) effects on medication adherence. Moreover, the indirect effects were significantly by Figure 1 ). Although a sample size calculation was not performed, an ad-hoc power analysis showed that the study's sample size had sufficient power: 0.81 and 1.00 for mediation model on MARS-5; 1.00 and 1.00 for mediation model on MLHFQ; and 0.99 to 1.00 for mediation model on cardiac events. The HR of eHealth literacy directly on cardiac events was 0.53 (95% CI 0.37, 0.65). Moreover, the HR of eHealth literacy indirectly on cardiac events was 0.22 (95% CI 0.16, 0.30), in which HR was 0.19 (95% CI 0.15, 0.26) by way of insomnia, 0.08 (95% CI 0.05, (Table 4 ; Figure 1 ). As Figure 2 shows, a total of 42 of 468 patients died of cardiac reasons (42/468) or had at least one cardiac-related admission (31/468) or emergency department visit due to HF (9/468). Of the 42 patients who died during the study, 12 had a NYHA classification of IV. eHEALS scores were an independent predictor of cardiac events after controlling for covariates.
Discussion
This is, to the best of our knowledge, the first study that used a relatively large sample of patients with HF (n=468) to investigate the protective effects of eHealth literacy on cardiac events through different mediators, including insomnia, psychological distress, and medication adherence. Our findings showed that eHealth literacy totally reduced the chance of a cardiac event by 69% (i.e. HR 0.31), while the effects on reducing the chance of a cardiac event were mediated through improved insomnia, psychological distress and medication adherence (Table 4 ). Furthermore, medication adherence and QoL among our sample were associated with eHealth literacy, with a significant mediating effect from insomnia and psychological distress ( Table 3 ).
Our findings indicate that the benefits of improving eHealth literacy among patients with HF agree with prior research on the benefits of using the internet among older adults with or without disability. 28, 29 Tennant et al. 29 found that older adults who did have HF, with an average age of 67 years, used popular websites, such as Facebook or Twitter, to obtain and share health information. In addition, as compared with website non-users, the website users had greater health literacy. Moreover, with an appropriate approach used, the elderly population has the potential to improve eHealth literacy. LaMonica et al. 28 revealed that older adults with cognitive impairments can gain benefit from web-based interventions although those who are retired or have low levels of education obtain little benefit. Meanwhile, those with low knowledge, skills and eHealth literacy are at risk of exclusion, 14 and according to our results, are at risk of severe events.
Although some may argue that patients with HF are usually older individuals and do not have sufficient ability to use the internet, prior research 29 suggests that such a notion is challengeable. More specifically, a recent review on patients with HF 30 stated: 'The use of smartphones, software applications, and connected diagnostic sensors has the potential to further the improvements accomplished by conventional interventions for heart failure and provide additional support for patients by promoting medication adherence and overall disease management.' Given that older individuals may be able to use the internet, the findings shed further light in highlighting a possible mechanism to explain how eHealth literacy is associated with medication adherence among older patients with HF.
Our results showed that the benefits of eHealth literacy could be mediated through insomnia, psychological distress, and medication adherence. The negative effects of insomnia and psychological distress include reducing medication adherence 5 and impairing QoL. 19, 20 Moreover, lower medication adherence may further develop into cardiac events for patients with HF. 8, 9 However, to the best of our knowledge, no studies have applied robust statistical testing (i.e. a mediation model) to examine whether insomnia, psychological distress and medication adherence are true mediators in the association between eHealth literacy and health outcomes (i.e. cardiac events and QoL) among patients with HF. Therefore, our findings that clearly demonstrate the Figure 1 . Mediation models. eHealth literacy was assessed using the eHealth Literacy Scale, insomnia severity was assessed using the Insomnia Severity Index, psychological distress was assessed using the Hospital Anxiety and Depression Scale, medication adherence was assessed using the 5-item Medication Adherence Report Scale and quality of life was assessed using the Minnesota Living with Heart Failure Questionnaire. Age, gender, heart failure characteristics and medication regimen complexity index score were controlled for. mediating roles of insomnia, psychological distress, and medication adherence can guide healthcare providers to understand the importance of improving eHealth literacy for patients with HF. Nevertheless, future studies may want to extend the findings shown in Figure 1 (c). More specifically, Figure 1 (c) only showed whether insomnia severity, psychological distress, and medication adherence can be concurrent mediators in the temporal association between eHealth literacy and cardiac events. Further study based on the results here should explore whether medication adherence mediates the association between insomnia severity/ psychological distress and cardiac events. This study has the following strengths. First, we recruited a relatively large sample with HF (N=468). With such a large sample, the internal validity of our findings was somewhat satisfactory. Second, we applied a robust statistical testing to examine the proposed mediation models. In paraticular, the use of a bootstrapping approach is the state-of-the-art method to test the mediation. Third, we collected data over 6 months for medication adherence information and 18 months for cardiac events. Thus, the findings from our longitudinal design somewhat indicate the temporal effects among the studied variables, including eHealth literacy, insomnia, psychological distress, medication adherence, QoL and cardiac events.
There are some limitations in this study. First, the generalisability of our findings may be restricted because of our inclusion and exclusion criteria. For example, young patients with HF (i.e. aged below 65 years) were not our studied population, and we cannot guarantee whether young patients with HF perform similarly to our older sample. Those with cognitive impairment (i.e. screened by the MMSE with a score less than 20) were excluded. Thus, we are unsure whether our results can be generalised to patients with cognitive impairment. Second, although we used the longitudinal design to demonstrate part of the causality among these studied variables, our design did not provide strong evidence in the causality. Thus, future studies using a randomised controlled design to examine the effects of eHealth literacy on patients with HF are strongly recommended. Third, some of the studied variables (e.g. medication adherence, QoL and psychological distress) are reported using self-administered questionnaires. Thus, our findings may suffer from the negative effects of recall bias and social desirability. Fourth, our research design could not answer an important question for clinical practitioners; that is, at which specific time/timeframe, eHealth literacy is most effective for heart failure management? For example, if a patient has NYHA class IV, would improving the patient's eHealth literacy have any influence on the overall self-management of their HF? Future studies are therefore warranted to explore this research question further. Fifth, several factors (e.g. computer literacy, information literacy, and lifestyle variables) 31 have been found to have significant associations with eHealth literacy. Unfortunately, the study did not collect and control for these factors. Future studies that have controlled for these factors are needed to verify the findings of the present study. Finally, the present study only discussed the mediation effect; consequently, it is unclear whether there was any modifying or confounding effect in the studied variables. Therefore, future studies are needed to examine whether any modifying or confounding effect exists in the model tested in the present study.
In conclusion, eHealth literacy could be a protector for patients with HF to avoid serious health outcomes, including cardiac events and poor HQoL. Through improved eHealth literacy, patients with HF may reduce their sleep and psychological problems, which subsequently improve their health. Thus, healthcare providers may plan effective programmes to improve the eHealth literacy for patients with HF. 
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